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(57) There is provided a solid state imaging device 
using a MOS image sensor of a threshold voltage mod- 
ulation system employed in a camera, a scanner, or the 
like. The solid state imaging device comprises a photo 
diode formed in a p-type second semiconductor layer 
(15a) in a n-type first semiconductor layer (12,32), and 
a field effect transistor formed in a p-type fourth semi- 



conductor layer (15b) in a n-type third semiconductor 
layer (1 2) adjacent to the photo diode. A carrier pocket 
(25) is provided in the fourth semiconductor layer (15b), 
and a portion of thefirst semiconductor layer (12,32) un- 
derthe second semiconductor layer (1 5a) is thickerthan 
a portion of the third semiconductor layer (12) under the 
fourth semiconductor layer (15b) in a depth direction. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a solid state 
imaging device, a method of manufacturing the same, 
and a solid state imaging system and, more particularly, 
a solid state imaging device using a MOS image sensor 
of a threshold voltage modulation system employed in 
a video camera, an electronic camera, an image input 
camera, a scanner, a facsimile, or the like, a method of 
manufacturing the same, and a solid state imaging sys- 
tem. 

2. Description of the Prior Art 

[0002] Since a semiconductor image sensor such as 
a CCD image sensor, a MOS image sensor, etc. is ex- 
cellent in mass productivity, such semiconductor image 
sensor is applied to most of the image input devices with 
the progress of the fine pattern technology. 
[0003] In particular, the MOS image sensor is recon- 
sidered in recent years because of its merits that the 
power consumption is small rather than the CCD image 
sensor and that the sensor element and peripheral cir- 
cuit elements can be fabricated by the same CMOS 
technology. 

[0004] In view of the trend in the times, the applicant 
of this application has improved the MOS image sensor, 
and then secured the Patent (Registration Number 
2935492) by filing the Patent Application (Patent Appli- 
cation Hei 10-186453) in connection with the image sen- 
sor device which has the carrier pocket (high concen- 
tration buried layer) under the channel region. 
[0005] In the invention of this Patent (Registration 
Number 2935492), in order to suppress the injection of 
the light emitting charges into the surface defect of the 
semiconductor layer and thus reduce the noise, the pho- 
to diode 1 1 1 has the buried structure forthe light emitting 
charges (in this case, holes). More particularly, the n- 
type impurity region is formed on the surface layer of the 
p-type well region. This p-type well region is formed in- 
tegrally with the p-type base region of the light signal 
detecting MOS transistor, and this n-type impurity region 
is formed integrally with the n-type drain region. As a 
result, the configuration can be formed in which the light 
emitting charges generated in the p-type well region of 
the photo diode 1 1 1 portion can contribute to the detec- 
tion of the light signal. 

[0006] Meanwhile, in the MOS image sensor, normal- 
ly the spectral sensitivity characteristic, especially the 
red-color sensitivity is low. Therefore, in order to broad- 
en much more the applications of the MOS image sen- 
sor in thefuture, it is desired to achievethe improvement 
of the red-color sensitivity. In addition, it is desired to 
achieve the improvement of the blue-color sensitivity. At 



the same time, the higher integration degree of the solid 
state imaging device is also desired. 

SUMMARY OF THE INVENTION 

5 

[0007] It is an object of the present invention to pro- 
vide a solid state imaging device using a MOS image 
sensor capable of achieving improvement in red-color 
sensitivity and improvement in blue-color sensitivity 

10 while maintaining the performance of a light signal de- 
tecting MOS transistor 1 1 2, a method of manufacturing 
the same, and a solid state imaging system. 
[0008] In the meanwhile, in order to improve the red- 
color sensitivity, it is desired that the n-type epitaxial lay- 
's er (n-type layer) 12 on the p-type substrate 11 should 
be formed thick in the structure of the Patent (Registra- 
tion Number 2935492) of the applicant of this applica- 
tion. However, if the n-type epitaxial layer (n-type layer) 
1 2 is formed thick, the reset voltage for the initialization 

20 to discharge the carriers must be increased and thus the 
performance of the light signal detecting MOS transistor 
is lowered. In other words, in order to improve the red- 
color sensitivity and to maintain/improve the reset effi- 
ciency, the conflicting device structures are needed and 

25 thus they are incompatible with each other. 

[0009] In the present invention, in thestore period dur- 
ing when the carriers are generated by the light in the 
photo diode 111 having the above structure and then 
stored in the high concentration buried layer (carrier 

30 pocket) 25 of opposite conductivity type, the depletion 
layer can spread from a boundary surface between the 
one conductivity type impurity region 1 7 and the oppo- 
site conductivity type first well region 15a in the photo 
diode 111 to the overall first well region 15a bytheap- 

35 plied voltage. Further, the depletion layer can spread 
from a boundary surface between the opposite conduc- 
tivity type substrate 11 and the one conductivity type 
buried layer 32 in the photo diode 1 1 1 to the first semi- 
conductor layers 1 2 and 32. Therefore, the light emitting 

40 charges generated in the depleted first well region 15a 
and the first semiconductor layers 12 and 32 can con- 
tribute to the detection of the light signal. 
[0010] In other words, since the thicknesses of the 
first semiconductor layers 12 and 32 are increased, the 

45 thickness of the light receiving region can be extended 
effectively with respectto the long wavelength light such 
as the red-color. Accordingly, the improvement of the 
red-color sensitivity can be achieved. 
[0011] In contrast, in the sweep period (initialization 

50 period) during when the carriers are swept out from the 
high concentration buried layer 25 and the second well 
region 15b in the light signal detecting MOS transistor 
112 portion, the depletion layer can spread from a 
boundary surface between the one conductivity type 

55 channel doped layer 15c and the opposite conductivity 
type second well region 1 5b into the second well region 
1 5b by the applied voltage, and also the depletion layer 
can spread from a boundary surface between the oppo- 
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site conductivity type sixth semiconductor layer 33 and 
the one conductivity type third semiconductor layer 12 
into the third semiconductor layer 12 under the second 
well region 15b. 

[001 2] As a result, the electric field from the gate elec- 
trode 1 9 can extend mainly to the depleted second well 
region 15b and the third semiconductor layer 12 formed 
under the second well region 15b. 
[0013] In the case of the present invention, the thick- 
ness of the third semiconductor layer 12 under the sec- 
ond well region 15b is small and the opposite conduc- 
tivity type high concentration sixth semiconductor layer 
33 is formed in the neighborhood of the one conductivity 
type third semiconductor layer 12 on the substrate 11 
side. Therefore, extension of the depletion layer from 
the boundary surface between the opposite conductivity 
type sixth semiconductor layer 33 and the one conduc- 
tivity type third semiconductor layer 12 into the sixth 
semiconductor layer 33 in the sweep period can be lim- 
ited, and also the width of the depletion layer extending 
from the boundary surface to the third semiconductor 
layer 12 can be reduced. That is, the voltage from the 
gate electrode 19 is mainly applied to the second well 
region 15b. 

[001 4] Accordingly, since the abrupt potential change 
that is fitted to sweep out the carriers is caused in the 
second well region 1 5b and thus the strong electric field 
is applied. Therefore, the stored carriers can be swept 
out effectively from the high concentration buried layer 
(carrier pocket) 25 and the second well region 15b by 
the low reset voltage, whereby the reset efficiency can 
be improved. 

[0015] In addition, according to the present invention, 
since the low concentration drain (LDD) structure is em- 
ployed as the structure of the light signal detecting MOS 
transistor 112, the short channel of the light signal de- 
tecting MOS transistor 112 can be achieved and thus 
the higher integration degree of the solid state imaging 
device can be achieved. 

[0016] Also, the impurity region 117 is formed at the 
sametimewhen the low concentration drain region 117a 
is formed. That is, since the impurity concentration of 
the impurity region 117 is set to the low concentration, 
the impurity region 117 can be formed at the shallow 
position from the surface. Accordingly, the blue-color 
that has the short wavelength and attenuates suddenly 
in the vicinity of the surface can be received at the suf- 
ficient intensity. 

[0017] In addition, since the one conductivity type im- 
purity region 17 is formed on the surface layer of the 
opposite conductivity type first well region 15a serving 
as the light receiving region, the photo diode 111 has 
the buried structure for the light emitting charges. 
[0018] Accordingly, since the neutralized state 
against the trap level of the surface and the hole gener- 
ation center can be maintained, the noise and the dark 
current due to the charges except the light emitting 
charge can be maintained low. 



[0019] Accordingly, improvement of the blue-color 
sensitivity can be achieved while maintaining the noise 
and the dark current. 

[0020] Also, the CMOS circuit for driving the solid 
5 state imaging device is formed on the same substrate 
as the solid state imaging device, and the low concen- 
tration impurity region 17 is formed at the same time 
when the low concentration drain region of the MOS 
transistor constituting the CMOS circuit and having the 
10 LDD structure is formed, and in addition the high con- 
centration contact layer is formed atthe same time when 
the high concentration drain region of the MOS transis- 
tor having the LDD structure is formed. 
[0021] Accordingly, improvement of the blue sensitiv- 
es jty can be achieved while maintaining the noise and the 
dark current without increasing new manufacturing 
steps. 

[0022] Correspondences between technical terms in 
the solid state imaging device manufacturing method 

20 and technical terms in the solid state imaging device are 
given as follows. That is, a part of the seventh semicon- 
ductor layers 11 and 31 corresponds to the first base 
layer, and a part of the seventh semiconductor layers 11 
and 31 and the second buried layer 33 correspond to 

25 the second base layer (i.e., the substrate 11 and the 
sixth semiconductor layer). The first buried layer 32 cor- 
responds to the buried layer or the fifth semiconductor 
layer, and the second buried layer 33 corresponds to the 
sixth semiconductor layer. The one conductivity type re- 

30 gion 12 corresponds to the one conductivity type well 
region, and the first buried layer 32 and the one conduc- 
tivity type region 1 2 correspond to the first semiconduc- 
tor layer (i.e., the fifth semiconductor layer and the one 
conductivity type well region). The first well region 15a 

35 corresponds to the second semiconductor layer, and the 
one conductivity type region 12 corresponds to the one 
conductivity type third semiconductor layer (i.e., one 
conductivity type well region). The second well region 
corresponds to the fourth semiconductor layer. 

40 

BRIEF DESCRIPTION OFTHE DRAWINGS 

[0023] FIG.1 is a plan view showing a device layout 
of a unit pixel of a solid state imaging device according 
45 to a first embodiment of the present invention; 

[0024] FIG.2A is a sectional view showing a device 
structure of the unit pixel of the solid state imaging de- 
vice according to a first embodiment of the present in- 
vention, taken along a l-l line in FIG.1 ; 
50 [0025] FIG.2B is a view showing potential behaviors 
in the situation that light emitting holes are stored in a 
carrier pocket and electrons are induced in the channel 
region to generate an inversion region; 
[0026] FIG. 3 is a sectional view showing a structure 
55 of a photo diode in the unit pixel of the solid state imaging 
device according to the first embodiment of the present 
invention, taken along a ll-ll line in FIG.1 ; 
[0027] FIG. 4 is a sectional view showing a structure 
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of a light signal detecting MOS transistor in the unit pixel 
of the solid state imaging device according to the first 
embodiment of the present invention, taken along a MI- 
NI line in FIG.1 ; 

[0028] FIG. 5 is a graph showing an impurity concen- 
tration distribution and a potential distribution in the 
depth direction along a IV-IV line in FIG. 2, in the photo 
diode portion of the solid state imaging device according 
to the first embodiment of the present invention; 
[0029] FIG. 6 is a graph showing an impurity concen- 
tration distribution and a potential distribution in the 
depth direction along a V-V line in FIG. 2 crossing the 
carrier pocket, in the light signal detecting MOS transis- 
tor portion of the solid state imaging device according 
to the first embodiment of the present invention; 
[0030] FIG. 7 is a graph showing a drain current-drain 
voltage characteristic of the light signal detecting MOS 
transistor of the solid state imaging device according to 
the first embodiment of the present invention; 
[0031] FIG. 8 is a view showing an overall circuit con- 
figuration of the solid state imaging device according to 
the first embodiment of the present invention; 
[0032] FIG. 9 is a timing chart when the solid state im- 
aging device in FIG. 8 is operated; 
[0033] FIG.1 OA to FIG. 1 0R are sectional views show- 
ing a method of manufacturing the solid state imaging 
device according to the first embodiment of the present 
invention; 

[0034] FIG. 11 is a plan view showing a device layout 
of a unit pixel of a solid state imaging device according 
to a second embodiment of the present invention; 
[0035] FIG. 12 is a sectional view showing a device 
structure of a unit pixel of the solid state imaging device 
according to the second embodiment of the present in- 
vention, taken along a VI-VI line in FIG.1 1 ; 
[0036] FIG. 13 is a sectional view showing a structure 
of a photo diode in the unit pixel of the solid state imaging 
device according to the second embodiment of the 
present invention, which is equivalentto a sectional view 
taken along a VII-VII line in FIG. 11 ; 
[0037] FIG. 14 is a sectional view showing a structure 
of a light signal detecting MOS transistor in the unit pixel 
of thesolid state imaging device according to the second 
embodiment of the present invention, which is equiva- 
lentto a sectional view taken along a VIM-VIM line in FIG. 
11; 

[0038] FIG. 15 is a graph showing an impurity concen- 
tration distribution and a potential distribution in the 
depth direction along a IX-IX line in FIG. 12, in the photo 
diode portion of the solid state imaging device according 
to the second embodiment of the present invention; 
[0039] FIG.1 6A to FIG.1 6E are sectional views show- 
ing a method of manufacturing the solid state imaging 
device according to the second embodiment of the 
present invention; and 

[0040] FIG.1 7 is a sectional view showing a device 
structure of the unit pixel of the solid state imaging de- 
vice according to the second embodiment of the present 



invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

5 

[0041] Embodiments of the present invention will be 
explained in detail with reference to the accompanying 
drawings hereinafter. 

10 (First Embodiment) 

[0042] FIG.1 is a plan view showing a device layout 
of a unit pixel of a solid state imaging device according 
to a first embodiment of the present invention. 
15 [0043] As shown in FIG.1, a photo diode 111 and a 
light signal detecting MOS transistor 1 1 2 are formed ad- 
jacently in a unit pixel 101 . They have different well re- 
gions, i.e., a first well region (second semiconductor lay- 
er) 1 5a and a second well region (fourth semiconductor 
20 layer) 15b, which are coupled in contact mutually, re- 
spectively. The first well region 15a of the photo diode 
111 portion serves as a part of the charge generating 
region which can generate the charges by the light irra- 
diation. The second well region 15b of the light signal 
25 detecting MOS transistor 112 portion serves as a gate 
region which can change a threshold voltage of the 
channel by the potential applied to this region 15b. 
[0044] An impurity region 17 of the photo diode 111 
and a drain region 1 7a of the light signal detecting MOS 
30 transistor 112 are formed integrally such that most of the 
regions overlaps with surface layers of the first well re- 
gion 15a and the second well region 15b that commu- 
nicate each other. The drain region 17a is formed to sur- 
round an outer peripheral portion of a ring-like gate elec- 
35 trode 19. A source region 1 6a is formed to be surround- 
ed by an inner periphery of the ring-like gate electrode 
1 9. In addition, a carrier pocket (high concentration bur- 
ied layer) 25, that is a feature of this MOS image sensor, 
is formed in the second well region 1 5b under the gate 
40 electrode 19 and around the source region 16a to sur- 
round the source region 1 6a. 

[0045] The drain region 17a is connected to a drain 
voltage (VDD) supply line 22 via a low resistance con- 
tact layer 1 7b. The gate electrode 1 9 is connected to a 
45 vertical scanning signal (VSCAN) supply line 21. The 
source region 16a is connected to a vertical output line 
20 via a low resistance contact layer 1 6b. 
[0046] Also, an insulating film covers the elements de- 
scribed above. A region other than a light receiving win- 
50 dow 24 of the photo diode 1 1 1 is light-shielded by a met- 
al layer (light shielding film) 23 formed on the covering 
insulating film. 

[0047] In the above MOS image sensor, a device op- 
eration for detecting the light signal is carried out repeat - 
55 edly like sweep period (initialization period)-store peri- 
od-read period- sweep period (initialization period)-.... 
[0048] In the sweep period (initialization period), be- 
fore the light emitting charges (light emitting carriers) are 
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stored, the carrier pocket 25 is made empty by eliminat- 
ing the light emitting charges which have been read. In 
addition, residual charges such as the holes, the elec- 
trons, etc., which are trapped at the surface state or neu- 
tralize acceptors, donors, etc., are eliminated from the 
semiconductor prior to the reading of the light signal. A 
voltage of more than about +5 V, normally about 7 to 8 
V, is applied to the source region, the drain region, and 
the gate electrode. 

[0049] In the store period, the carriers are generated 
by the light irradiation, then drifted in the first well region 
1 5a and the second well region 1 5b, and then stored in 
the carrier pocket 25. A voltage of almost +2 to 3 V is 
applied to the drain region, and also a low voltage by 
which the MOS transistor 112 can be held at its cut-off 
state is applied to the gate electrode. 
[0050] In the read period, change in the threshold volt- 
age of the light signal detecting MOS transistor due to 
the light emitting charges stored in the carrier pocket is 
read as change in source potential. In orderto make the 
MOS transistor 1 1 2 operate in its saturation state, a volt- 
age of almost +2 to 3 V is applied to the drain region and 
a voltage of almost +2 to 3 V is applied to the gate elec- 
trode. 

[0051] Next, a device structure of the MOS image 
sensor according to the first embodiment of the present 
invention will be explained with reference to a sectional 
view hereunder. 

[0052] FIG.2A is a sectional view showing a device 
structure of the solid state imaging device according to 
the first embodiment of the present invention, which is 
equivalent to a sectional view taken along a l-l line in 
FIG.1. FIG.2B is a view showing potential behaviors 
along a surface of the semiconductor substrate. 
[0053] FIG. 3 is a sectional viewtaken along a ll-ll line 
in FIG.1 . FIG. 4 is a sectional view taken along a Ill-Ill 
line in FIG.1. 

[0054] As shown in FIG.2A, an epitaxial layer 31 is 
formed by epitaxially growing p-type silicon, whose im- 
purity concentration is more than 1 x 10 15 cm -3 and 
whose thickness is more than 3 |im, on a p-type silicon 
substrate 11 whose impurity concentration is more than 
1 X 10 18 cm -3 . The above constructs a seventh semi- 
conductor layer of opposite conductivity type. 
[0055] A unit pixel consisting of the photo diode 111 
and the light signal detecting MOS transistor 112 is 
formed on the epitaxial layer 31 . Then, a field insulating 
film 1 4 and an element isolation layer 1 3 are formed be- 
tween adjacent unit pixels 101 to isolate the unit pixels 
101 . The field insulating film 14 is formed on a surface 
of the epitaxial layer 31 , and an element isolation layer 
13 is formed as a p-type high concentration region to 
extend over the epitaxial layer 31 . 
[0056] Next, details of the photo diode 111 will be ex- 
plained with reference to FIG.2A and FIG. 3 hereunder. 
[0057] The photo diode 111 consists of an n-type bur- 
ied layer (one conductivity type buried layer, first buried 
layer) 32 buried in the epitaxial layer 31 to come into 



contact with the substrate 1 1 , a low concentration n-type 
well layer (one conductivity type region) 12 formed on 
the n-type buried layer 32, a p-type first well region 1 5a 
formed on a surface layer of the n-type well layer 12, 

5 and an n-type impurity region 1 7 formed on the surface 
layer of the n-type well layer 12 such that its most region 
can overlap with the p-type first well region 15a. 
[0058] This photo diode 111 is characterized in that 
the n-type buried layer 32 having the relatively high im- 

10 purity concentration is provided on the overall region 
formed between the substrate 1 1 and the n-type well lay- 
er 12 and that the overall n-type layers (first semicon- 
ductor layer) 12 and 32 under the first well region 15a 
are formed thick. 

15 [0059] An impurity concentration distribution of this 
case is shown in FIG. 5. FIG.5 is a graph showing an 
impurity concentration distribution and a potential distri- 
bution in the depth direction along a IV-IV line in FIG.2 : 
in the center portion of the photo diode 1 1 1 . An abscissa 

20 denotes a depth (|im) from a surface of the semiconduc- 
tor substrate in a linear scale, and an ordinate on the 
left side denotes an impurity concentration (cm -3 ) in a 
logarithmic scale and an ordinate on the right side de- 
notes potential (arbitrary unit) in a linear scale. 

25 [0060] As shown in the impurity concentration distri- 
bution of FIG.5, a thickness of the n-type buried layer 
32 is almost 1 jxm and a thickness of the n-type layer 1 2 
under the first well region 1 5a is almost 0.5 jim. Thus, 
the thickness of the n-type layers 12 and 32 under the 

30 first well region 1 5a are almost 1 .5 (i m. 

[0061] The above thickness of the n-type layers 12 
and 32 under the first well region 1 5a, the impurity con- 
centration distribution, its peak value, and a depth of a 
peak position are selected to be optimal when a voltage 

35 applied in a store period is about 2 to 3 V. The thickness 
of the n-type layer 1 2 and the n-type buried layer 32 un- 
der the first well region 15a, the impurity concentration 
distribution, the peak value, and the depth of the peak 
position are set such that a depletion layer can be 

40 spread sufficiently into the overall n-type layers 1 2 and 
32 by the applied voltage mainly in the store period of 
carriers and the light receiving sensitivity of the red light 
can be enhanced sufficiently. Accordingly, these values 
may be changed appropriately depending upon athick- 

45 ness of the first well region 1 5a, an impurity concentra- 
tion distribution, its peak value, and a depth of a peak 
position, an attenuation characteristic of the red-color in 
the semiconductor, or a value of the voltage applied in 
the store period of the carriers. 

50 [0062] In the photo diode 111 having the above struc- 
ture, the n-type impurity region 17 is connected to the 
drain voltage supply line 22 in the above store period 
and biased to a positive potential. At this time, the de- 
pletion layer can spread from a boundary surface be- 

55 tweenthe impurity region 17 and the first well region 15a 
to the overall first well region 15a to reach the n-type 
layer 12. In contrast, the depletion layer can spread from 
a boundary surface between the substrate 11 and the 
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n-type buried layer 32 to all the n-type buried layer 32 
and the overlying n-type well layer 12 to reach the first 
well region 15a. 

[0063] The potential distribution at this time is shown 
in FIG.5. Since the photo diode 111 portion has the 
above impurity concentration distribution, the first well 
region 15a and the n-type layers 12 and 32 have the 
potential distribution in which the potential is gradually 
reduced from the substrate 11 side to the surface side. 
Therefore, the holes generated by the light in the first 
well region 15a and the n-type layers 12 and 32 do not 
flow to the substrate 11 side, but stay in the first well 
region 15a and the n-type layers 12 and 32. Since the 
first well region 1 5a and the n-type layers 1 2 and 32 are 
connected to the gate region 15b of the light signal de- 
tecting MOS transistor 112, these holes generated by 
the light can be effectively utilized as the charges to 
modulatethe threshold voltage of the lightsignal detect- 
ing MOS transistor 112. In other words, all the first well 
region 15a and the n-type layers 12 and 32 can act as 
the carrier generating region by the light. 
[0064] In this manner, because the n-type buried layer 
32 is provided, a total thickness of the carrier generating 
region of the photo diode 111 becomes thick. Accord- 
ingly, when the light is irradiated to the photo diode 111, 
such carrier generating region can act as the light re- 
ceiving portion that has the good sensitivity to the light 
having a long wavelength, like the red color, which 
comes up to a deep inside of the light receiving portion. 
[0065] Also, the photo diode 1 1 1 has the buried struc- 
ture for the holes generated by the light in the meaning 
that the carrier generating region by the light is arranged 
under the impurity region 17 in the above photo diode 
111. Therefore, the noise reduction can be achieved 
without the influence of the surface of the semiconductor 
layer which has many interface trap levels. 
[0066] Next, details of the light signal detecting MOS 
transistor (nMOS) 112 will be explained with reference 
to FIGS.2A and 2B and FIG. 4 hereunder. 
[0067] The MOS transistor 112 of the first embodi- 
ment has a structure that the n + -type drain region 1 7a 
surrounds an outer periphery of the ring-like gate elec- 
trode 19. The n + -type drain region 17a is formed inte- 
grally with n + -type impurity region 17. Also, the n + -type 
source region 16a is formed to be surrounded by the 
ring-like gate electrode 1 9. In other words, the gate elec- 
trode 19 is formed on the second well region 15b be- 
tween the drain region 17a and the source region 16a 
via a gate insulating film 18. A surface layer of the sec- 
ond well region 1 5b formed under the gate electrode 1 9 
acts as the channel region. 

[0068] In addition, in order to hold the channel region 
at its inverted state or its depletion state in the normal 
operation voltage, a channel doped layer 15c is formed 
by introducing the n-type impurity having an appropriate 
concentration into the channel region. 
[0069] The p + -type carrier pocket (high concentration 
buried layer) 25 is formed in a partial area overthe chan- 



nel length direction in the second well region 1 5b under 
the channel region, i.e., in a peripheral area of the 
source region 16a to surround the source region 16a. 
This p+-type carrier pocket 25 can be formed by the ion 

5 implantation method, for example. The carrier pocket 25 
is formed in the second well region 15b which is posi- 
tioned deeper than the channel region. It is desired that 
the carrier pocket 25 should be formed not to overlap 
with the channel region. 

10 [0070] Since the potential against the light emitting 
holes out of the light emitting charges is lowered in the 
above p + -type carrier pocket 25, the light emitting holes 
can be collected into the carrier pocket 25 when a volt- 
age higher than the gate voltage is applied to the drain 

15 region 17a. 

[0071] The potential in the state that the light emitting 
holes are stored in the carrier pocket 25 and the elec- 
trons are induced in the channel region to thus form the 
inversion region is shown in FIG. 2B. The threshold volt- 

20 age of the light signal detecting MOS transistor 112 is 
changed by the stored charges. Accordingly, detection 
of the light signal can be performed by detecting the 
change in the threshold voltage. 

[0072] FIG. 6 is a graph showing an impurity concen- 
ts tration distribution and a potential distribution in the 
depth direction along a V-V line in FIG. 2 crossing the 
carrier pocket 25 portion in the light signal detecting 
MOS transistor 112. 

[0073] An abscissa denotes the depth ( jam) from the 
30 surface of the semiconductor substrate in a linear scale, 
andan ordinateonthe left side denotes the impurity con- 
centration (cm -3 ) in a logarithmic scale and an ordinate 
on the right side denotes the potential (arbitrary unit) in 
a linear scale. 

35 [0074] As indicated by the impurity concentration dis- 
tribution of FIG. 6, it is characterized that a p-type buried 
layer (second buried layer) 33 of high impurity concen- 
tration is provided between the substrate 11 and the n- 
type well layer 1 2. In other words, an n-type layer (third 
40 semiconductor layer) under the second well region 1 5b 
coincides with the n-type well layer 12, and thus a 
boundary between the n-type layer and the p-type bur- 
ied layer 33 is positioned at a depth of about 0.8 \im from 
the surface. A thickness of the n-type layer under the 
45 second well region 1 5b is about 0.4 jim, which is thinner 
than the about 1 .5 jam thickness of the n-type layers (first 
semiconductor layer) 12 and 32 below the first well re- 
gion 15a in the photo diode 111 portion. 
[0075] Also, a peak position of the impurity concen- 
50 tration of the p-type buried layer 33 is positioned at a 
depth of about 1.1 jim, and the impurity concentration 
at the peak position is almost 5 x 1 0 16 cm -3 . 
[0076] The thicknesses of the n-type layer 1 2 and the 
p-typeburied layer 33 underthesecond well region 15b, 
55 the impurity concentration distribution, the peak value, 
and the depth of the peak position are set to be optimal 
when a reset voltage is set to 7 to 8 V. The impurity dis- 
tribution and the depth of the n-type layer 1 2 and the p- 
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type buried layer 33 are set such that the depletion layer, 
mainly in the carrier sweep period (initialization period), 
can spread into the second well region 15b rather than 
the p-type buried layer 33 to concentrate the electric 
field in the second well region 15b. Accordingly, these 
values may be changed appropriately depending upon 
a thickness of the second well region 15b, an impurity 
concentration distribution in the region 1 5b, its peak val- 
ue, and a depth of a peak position, or a value of the 
voltage (reset voltage) applied in the carrier sweep pe- 
riod (initialization period). 

[0077] In this case, the carrier pocket 25 is formed at 
a depth of about 0.2 jim, and the peak value of the im- 
purity concentration is set to about 1 x 10 17 cm -3 . The 
thickness of the carrier pocket 25, a peak value of its 
impurity concentration, and a depth of its peak position 
are set such that the potential to store sufficiently the 
carriers in the carrier pocket can be obtained in the store 
period and the read period mainly and that the carrier 
storing state in the carrier pocket 25 can have an enough 
effect on the channel region in the read period. Accord- 
ingly, these values may be changed appropriately de- 
pending upon a state of the impurity concentration dis- 
tribution of the first well region 1 5a serving as the back- 
ground of the carrier pocket 25, an impurity concentra- 
tion of the channel doped layer, the applied voltage in 
the store period, the applied voltage in the read period, 
etc. 

[0078] By the way, in the above carrier sweep period, 
the carriers remained in the second well region 1 5b are 
swept to the substrate 1 1 side by the electric field which 
is generated by applying the high voltage to the gate 
electrode 19, the source region 16a, and the drain re- 
gion 17a. In this case, the depletion layer spreads from 
a boundary surface between the channel doped layer 
15c in the channel region and the second well region 
1 5b into the second well region 1 5b by the applied volt- 
age, and also the depletion layer spreads from a bound- 
ary surface between the p-type buried layer 33 and the 
n-type well layer 12 into the n-type well layer 12 under 
the second well region 15b. 

[0079] As a result, the electric field generated by the 
voltage applied to the gate electrode 1 9 extends mainly 
overthe second well region 1 5b and the n-type well layer 
1 2 formed under the second well region 1 5b. 
[0080] In the case of the present invention, the n-type 
well layer 1 2 under the second well region 1 5b is small 
in thickness and the high concentration p-type buried 
layer 33 is formed in the neighborhood of the n-type well 
layer 12 on the substrate 11 side. For this reason, the 
depletion layer that spreads from a boundary surface 
between the p-type buried layer 33 and the n-type well 
layer 12 into the n-type well layer 12 in the seep period 
becomes small in thickness. 

[0081] More particularly, as indicated by the potential 
distribution of FIG. 6, the voltage supplied from the gate 
electrode 1 9 is applied mainly to the second well region 
15b. In other words, since the abrupt potential change 



is caused in the second well region 15b and thus the 
strong electric field that can sweep out the holes to the 
substrate 11 side is mainly applied to the second well 
region 15b, the carriers stored in the carrier pocket 25 
5 and the second well region 1 5b can be swept by the low 
reset voltage without fail , whereby a reset efficiency can 
be improved. 

[0082] Next, an overall configuration of the MOS im- 
age sensor using the unit pixel having the above struc- 
10 turewill be explained with reference to FIG. 8 hereunder. 
FIG. 8 shows a circuit configuration of the MOS image 
sensor according to the first embodiment of the present 
invention. 

[0083] As shown in FIG. 8, this MOS image sensor has 
15 a two-dimensional array sensor configuration in which 
the unit pixels having the above structure are aligned in 
the column direction and the row direction in a matrix 
fashion. 

[0084] Also, a vertical scanning signal (VSCAN) drive 
20 scanning circuit 102 and a drain voltage (VDD) drive 
scanning circuit 103 are arranged on the right and left 
sides to put the pixel region between them. 
[0085] Vertical scanning signal supply lines 21 a, 21 b 
are extended from the vertical scanning signal drive 
25 scanning circuit 1 02 one by one every row. The vertical 
scanning signal supply lines 21 a, 21 b are connected to 
the gates of the MOS transistors 112 in all unit pixels 
101 along the row direction. 

[0086] Also, drain voltage supply lines (VDD supply 

30 lines) 22a, 22b are extended one by one every row from 
the drain voltage drive scanning circuit 103. The every 
drain voltage supply line 22a, 22b is connected to the 
drains of the light signal detecting MOS transistors 1 1 2 
in all unit pixels 101 along the row direction. 

35 [0087] Also, different vertical output lines 20a, 20b are 
provided every column. The vertical output lines 20a, 
20b are connected to sources of the MOS transistors 
1 1 2 in all unit pixels 101 aligned along the column direc- 
tion respectively. 

40 [0088] In addition, MOS transistors 1 05a, 1 05b acting 
as different switches are provided every column. The 
vertical output lines 20a, 20b are connected to drains 
(light detecting signal input terminals) 28a, 29a of the 
MOS transistors 105a, 105b one by one. Gates (hori- 

45 zontal scanning signal input terminals) 28b, 29b of the 
switchesl05a, 1 05b are connected to a horizontal scan- 
ning signal (HSCAN) drive scanning circuit 104. 
[0089] Also, sources (light detecting signal output ter- 
minals) 28c, 29c of the switches 105a, 105b are con- 

50 nected to a video signal output terminal 1 07 via a com- 
mon constant current source (load circuit) 106. In other 
words, the source of the MOS transistor 1 1 2 in the every 
unit pixel 101 is connected to the constant current 
source 1 06 to form a source follower circuit of the every 

55 unit pixel. Therefore, a potential difference between the 
gate and the source of the MOS transistor 112 and a 
potential difference between the bulk and the source are 
decided by the constant current source 106 connected 
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thereto. 

[0090] A video signal (Vout) that is in proportion to an 
incident amount of the light can be read by driving the 
MOS transistor 112 of the unit pixel sequentially by the 
vertical scanning signal (VSCAN) and the horizontal 
scanning signal (HSCAN). 

[0091] FIG. 9 shows a timing chart of input/output sig- 
nals to operate the MOS image sensor according to the 
present invention. The case is applied where the p-type 
well regions 15a, 15b are used and the light signal de- 
tecting transistor 112 is composed of nMOS. 
[0092] As described above, the device operation is re- 
peated such as the sweep period (initialization period)- 
the store period- the read period-the sweep period (ini- 
tialization period)-.... 

[0093] Next, a series of continuous light detecting op- 
erations of the solid state imaging device will be ex- 
plained simply in compliance with FIG. 8 and FIG. 9. 
[0094] First, the charges remaining in the carrier 
pocket 25 and the well regions 1 5a, 1 5b are exhausted 
by the initializing operation. More particularly, a high 
positive voltage of about 6 V is supplied to the drain of 
the light signal detecting MOS transistor 112 via the 
VDD supply lines 22a, 22b and supplied to the gate of 
the light signal detecting MOS transistor 1 1 2 via the VS- 
CAN supply lines 21a, 21b. At this time, since the n-type 
well layer 1 2 under the second well region 1 5b is small 
in thickness and the high concentration p-type buried 
layer 33 comes into contact with the n-type well layer 12 
on the substrate 1 1 side, the voltage applied to the gate 
electrode 1 9 is applied merely to the second well region 
15b and its very close region. In other words, the abrupt 
change of the potential is caused in the second well re- 
gion 15b, and thus the strong electric field for sweeping 
out the holes to the substrate 11 side is applied mainly 
to the second well region 15b. Therefore, the carriers 
can be swept out by the low reset voltage without fail, 
whereby the improvement of the reset efficiency can be 
achieved. 

[0095] Then, the low gate voltage is applied to the 
gate electrode 1 9 of the light signal detecting MOS tran- 
sistor 112, and the voltage (VDD) of about 2 to 3 V nec- 
essary for the transistor operation is applied to the drain 
region 1 7a. At this time, the first well region 1 5a, the n- 
type well region 12, and the n-type buried layer 32 are 
depleted and also the second well region 1 5b is deplet- 
ed. Then, the electric field is generated to direct from 
the drain region 17a to the source region 16a. 
[0096] Then, the light is irradiated onto the photo di- 
ode 111 . Atthistime, the carrier generating region in the 
photo diode 111 portion is totally thick. Therefore, elec- 
tron-hole pairs (light emitting charges) can be generated 
effectively with respect to the long wavelength light such 
as the red-color light which can reach the deep inside 
of the light receiving portion. 

[0097] The light emitting holes out of the light emitting 
charges are injected into the gate region of the light sig- 
nal detecting MOS transistor 112 by the above electric 



field and then stored in the carrier pocket 25. Accord- 
ingly, the width of the depletion layer that is extended 
from the channel region to the underlying gate region 
1 5b is limited and also the potential in the neighborhood 
5 of the source region 16a is modulated, whereby the 
threshold voltage of the light signal detecting MOS tran- 
sistor 112 is changed. 

[0098] Then , the gate voltage of about 2 to 3 V to op- 
erate the MOS transistor 112 in its saturation state is 

10 applied to the gate electrode 19, and the voltage VDD 
of about 2 to 3 V to operate the MOS transistor 112 is 
applied to the drain region 1 7a. Accordingly, a low elec- 
tric field inversion region is formed in a part of the chan- 
nel region over the carrier pocket 25 and also a high 

15 electric field region is formed in remaining portion of the 
channel region. At this time, as shown in FIG. 7, a drain 
current-drain voltage characteristic of the light signal de- 
tecting MOS transistor 112 exhibits the saturation char- 
acteristic. 

20 [0099] Then, the constant current source 1 06 is con- 
nected to the source region 16 of the MOS transistor 
112 to flow a constant current. Accordingly, since the 
MOS transistor 1 1 2 forms the source follower circuit, the 
source potential is changed to follow up the change of 

25 threshold voltage of the MOS transistor by the light emit- 
ting holes and thus change of the output voltage is 
brought about. 

[0100] In this manner, the video signal (Vout) that is 
in proportion to an irradiation amount of the light can be 

30 picked up. 

[0101] As described above, according to the first em- 
bodiment of the present invention, an ideal photoelectric 
conversion mechanism can be accomplished which 
does not interact with noise sources on the semiconduc- 

35 tor surface and in the channel region when the light emit- 
ting holes are drifted in a series of processes of the 
sweeping operation (initialization)-the storing opera- 
tion-the reading operation. 

[0102] Also, since the transistor can be operated in its 
40 saturation state, as shown in FIG.7, by the charge ac- 
cumulation into the carrier pocket 25 and also the source 
follower circuit is formed, the change of the threshold 
voltage due to the light emitting charges can be detected 
as the change in the source potential. As a result, the 
45 photoelectric conversion can be achieved with good lin- 
earity. 

[0103] Next, a method of manufacturing the solid 
state imaging device having the above configuration will 
be explained with reference to FIG. 1 0A to FIG. 1 0R 

50 hereunder. 

[0104] In this case, an actual circuit configuration is 
complicated and is different from planar arrangement of 
the elements described in the following. In FIG. 1 0A to 
FIG. 1 0R, for convenience of explanation of the manu- 

55 facturing method, major elements are schematically 
shown to illustrate how to form different device struc- 
tures in a series of manufacturing steps. The major el- 
ements are picked up out of all elements employed in 
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this circuit and have a different structure each other. As 
types of the selected elements, p-CMOS (p-channel 
MOS of Complementary Metal Oxide Semiconductor) 
as a peripheral circuit device, n-CMOS (n-channel MOS 
of CMOS), enhancement n-MOS, depletion n-MOS, and 
VMIS as the optical sensor are illustrated from the left 
side of figures. 

[0105] First, as shown in FIG. 1 0A, an epitaxial layer 
31 of about 3 jim thickness is formed by epitaxial-grow- 
ing p-type silicon whose impurity concentration is about 
1 x 10 15 cm -3 on a p-type silicon substrate 11 whose 
impurity concentration is about 4 x 1 0 18 cm -3 . The sub- 
strate 11 constitutes an entire part of a first base layer 
and a part of a second base layer, and the epitaxial layer 

31 constitutes a part of the second base layer. 
[0106] Then, as shown in FIG. 1 0B, a field insulating 
film 14 is formed in the element isolation region by LO- 
COS (LOCal Oxidation of Silicon). Then, a pad insulat- 
ing film 51 is formed in the element forming region that 
is surrounded by the element isolation region. 
[0107] Then, a resist mask 52 that has opening por- 
tions 53a, 53b in the element isolation region between 
the enhancement n-MOS and the depletion n-MOS and 
the element isolation region between the depletion n- 
MOS and the VMIS respectively and has an opening 
portion 53c to spread over the n-CMOS forming region 
is formed. In turn, the p-type impurity is ion- implanted 
viatheopening portions53a, 53b, 53c of the resistmask 
52 and the field insulating film 14. Therefore, p-type el- 
ement isolation layers 1 3 are formed in the epitaxial lay- 
er 31 under the field insulating film 1 4 between the en- 
hancement n-MOS and the depletion n-MOS and be- 
tween the depletion n-MOS and the VMIS to reach the 
substrate 11 , and also a p-type well layer 54 is formed 
in the epitaxial layer 31 spreading over the n-CMOS 
forming region to reach the substrate 11 . 

[0108] Then, as shown in FIG. 1 0C, a resist mask (first 
mask) 55 with an opening portion 56 in the photo diode 
111 forming region in the VMIS forming region is formed. 
In turn, P31+ as the n-type impurity is ion-implanted 
deeply through the opening portion 56 of the resistmask 
55 via the pad insulating film 51 , and then B11+ as the 
p-type impurity is ion-implanted two times shallowly 
through the same opening portion 56. Therefore, as 
shown in FIG. 5, an n-type buried layer (first buried layer) 

32 with a peak position of about 1 .5 jim and a peak im- 
purity concentration of about 1x1 0 17 cm -3 is formed to 
come into contact with the substrate 11, and a p-type 
well layer 1 5a with a peak position of about 0.3 jim and 
a peak impurity concentration of about 6 x 10 16 cm -3 
and with another peak position of about 0.55 jim and 
another peak impurity concentration of about 2 x 1 0 16 
cm -3 is formed over the n-type buried layer 32. This p- 
type well layer 1 5a acts as the first well region (second 
semiconductor layer) having the width being substan- 
tially same as the n-type buried layer 32. This n-type 
buried layer 32 constitutes a part of the first semicon- 
ductor layer. 



[0109] Then, as shown in FIG.1 0D, a resist mask 57 
that has an opening portion 58 to extend over an entire 
area of the VMIS forming region is formed. In turn, the 
n-type impurity is ion-implanted through the opening 

5 portion 58 of the resist mask 57. Therefore, an n-type 
well layer (opposite conductivity type region) 12 with a 
peak position of about 0.55 \xm and a peak impurity con- 
centration of about 3 x 10 16 cm -3 is formed to contain 
the overall first well region 15a and to reach the n-type 

10 buried layer 32 at its bottom end. This n-type well layer 
1 2 constitutes a part of the first semiconductor layer and 
the overall third semiconductor layer. 
[0110] Then, after the step shown in FIG.1 0D, a gate 
insulating film may also be formed by removing the pad 

15 insulating film 51 and then re-oxidizing the surface of 
the semiconductor substrate. In FIG.1 0D, the pad insu- 
lating film 51 and the gate insulating film being formed 
by the re-oxidation are denoted together by the same 
reference number 51 . In this case, preferably the gate 

20 insulating film is set to the thickness of less than 60 nm. 
This is because, if the thickness is set thicker than this 
value, it is difficultto get the sharp impurity concentration 
distribution when the high concentration buried layer 25 
is formed by the ion implantation. 

25 [0111] Then, as shown in FIG.10E, a resist mask 
(second mask) 60 that has an opening portion 61a in 
theforming region of the light signal detecting MOS tran- 
sistor 1 1 2 in the VM IS forming region and has an open- 
ing portion 61b to extend over the overall depletion n- 

30 MOS forming region is formed. In turn, B11+ as the p- 
type impurity is ion-implanted deeply through the open- 
ing portions 61 a and 61 b of the resist mask 60, and then 
B11+ as the p-type impurity is ion-implanted shallowly 
through the same opening portions 61 a and 61 b. In ad- 

35 dition, As+ as the n-type impurity is ion-implanted shal- 
lowly through the same opening portions 61a and 61b. 
[0112] Accordingly, a p-type buried layer 62, a p-type 
well layer 63. and a channel doped layer 64 are formed 
in the depletion n-MOS forming region. In contrast, as 

40 shown in FIG. 6, a p-type buried layer (second buried 
layer) 33 with a peak position of about 1 .2 ji m and a 
peak impurity concentration of about 5 x 10 16 cm -3 , a 
second well region 15b with a peak position of about 0.1 
u.m and a peak impurity concentration of about 1 .2X 

45 1 o 17 cm -3 , and an n-type channel doped layer 15c with 
a surface concentration of about 2 x 10 17 cm -3 are 
formed in the VMIS forming region. The p-type buried 
layer 33 constitutes a part of the second base layer. 
[0113] Then, as shown in FIG.1 OF, a resist mask 65 

50 that has an opening portion 66 over all the p-CMOS 
forming region, the n-CMOS forming region, and the en- 
hancement n-MOS forming region is formed. In turn, the 
p-type impurity is shallowly ion-implanted via the open- 
ing portion 66 of the resist mask 65. Therefore, the p- 

55 type channel doped layers 67a to 67c are formed. 

[0114] Then, as shown in FIG.1 0G, a resist mask 68 
that has an opening portion 69 in the p-CMOS forming 
region is formed. Then, an n-type well layer 70 is formed 
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by ion-implanting the n-type impurity via the opening 
portion 69 of the resist mask 68. 
[0115] Then, as shown in FIG. 1 0H, a resist mask 
(third mask) 71 that has an opening portion 72 in the 
region serving as the carrier pocket (high concentration 
buried layer) 25 of the light signal detecting MOS tran- 
sistor in the VM IS forming region is formed. In turn, B11 + 
as the p-type impurity is ion-implanted via the opening 
portion 72 of the resist mask 71 . Therefore, as shown 
in FIG. 6, a p + -type high concentration buried layer 25 
with a peak position of about 0.2 jxm and a peak impurity 
concentration of about 1 x 10 17 cm -3 is formed in the 
second well region 15b under the channel doped layer 
15c. 

[0116] Then, as shown in FIG. 101. a resist mask 73 
that has an opening portion 74 to extend over all the p- 
CMOS forming region, the n-CMOS forming region, the 
enhancement n-MOS forming region, and the depletion 
n-MOS forming region is formed. In turn, the gate oxide 
film 51 is removed via the opening portion 74 of the resist 
mask 73, and the original gate oxide film 51 is left in the 
VMIS forming region. 

[0117] Then, as shown in FIG.10J, after the resist 
mask 73 is removed, the surface of the semiconductor 
substrate is thermally oxidized. Therefore, thin gate ox- 
ide films 75a to 75d are formed in the p-CMOS forming 
region, the n-CMOS forming region, the enhancement 
n-MOS forming region, and the depletion n-MOS form- 
ing region, and also a thick gate insulating film 18 is 
formed on the surface of the VMIS forming region since 
a thickness of a new oxide film is further added to the 
thickness of the oxide film being left in the preceding 
step. Thus, the gate capacity can be reduced by increas- 
ing the thickness of the gate insulating film 18 in the 
VMIS forming region, so that the detecting sensitivity of 
the light emitting charges stored in the high concentra- 
tion buried layer, in turn, the light signal detecting sen- 
sitivity can be improved. 

[0118] Then, as shown in FIG. 1 0K, a polysilicon film 
76 is formed on an overall surface. 
[0119] Then, as shown in FIG.10L, gate electrodes 
76a to 76e, 19 are formed in respective MOS forming 
regions by patterning the polysilicon film 76. 
[0120] Then, as shown in FIG.10M, a resist mask 77 
that has an opening portion 78 to extend over the entire 
p-CMOS forming region is formed. Then, the p-type im- 
purity is ion-implanted via the opening portion 78 of the 
resist mask 77 by using the gate electrode 76e as a 
mask. Therefore, source/drain regions 79a and 79b are 
formed in the n-type well layer 70 on both sides of the 
gate electrode 76e. 

[0121] Then, as shown in FIG.10N, a resist mask 80 
that has an opening portion 81 to extend over all the n- 
CMOS forming region, the enhancement n-MOS form- 
ing region, the depletion n-MOS forming region, and the 
VMIS forming region is formed. Then, the n-type impu- 
rity is ion-implanted via the opening portion 81 of the 
resist mask 80 by using the gate electrodes 76b to 76d, 



1 9 as a mask. Therefore, source/drain regions 82a and 
82b, 82c and 82d, 82e and 82f , 1 6a and 1 7a are formed 
on both sides of the gate electrodes 76b to 76d, 19 in 
respective forming regions. 

5 [0122] Then, as shown in FIG.1 00, the resist mask 80 
is removed and then an insulating film is formed by the 
CVD (Chemical Vapor Deposition) method, etc. In turn, 
sidewalls 83 are formed on side surfaces of the gate 
electrodes 76a to 76e, 19 by the anisotropic etching. 

10 [0123] Then, as shown in FIG.1 OP, a resist mask 84 
that has an opening portion 85 in the p-CMOS forming 
region is formed. In turn, the p-type impurity is ion-im- 
planted via the opening portion 85 of the resist mask 84 
by using the gate electrode 76e and the sidewalls 79 as 

15 a mask. Therefore, contact layers 86a and 86b are 
formed in the source/drain regions 79a and 79b respec- 
tively. 

[0124] Then, as shown in FIG.1 0Q, a resist mask 87 
that has an opening portion 88 to extend over all the n- 
20 CMOS forming region, the enhancement n-MOS form- 
ing region, the depletion n-MOS forming region and has 
an opening portion 88 in the light signal detecting MOS 
transistor 1 1 2 portion and the photo diode 1 1 1 portion in 
the VMIS forming region is formed. Thereafter, the n- 
25 type impurity is ion- implanted via the opening portion 
88 of the resist mask 87. Therefore, contact layers 89a 
and 89b, 89c and 89d, 89e and 89f, 16b and 17b are 
formed in the source/drain regions 82a and 82b, 82c and 
82d, 82e and 82f , 1 6a and 1 7a in respective forming re- 
30 gions. 

[0125] Then, as shown in FIG.1 OR, after the resist 
mask 87 is removed, a first layer interlayer insulating 
film 90 is formed. Then, underlying source/drain elec- 
trodes or wiring layers 91a and 91b, 91c and 91 d. 91 e 
35 and 91 f, 91 g and 91 h, 20 and 22 which are connected 
to the source/drain regions 82a and 82b, 82c and 82d, 
82e and 82f, 79a and 79b, 16a and 17a in respective 
MOS forming regions, and a gate wiring layer 21 which 
are connected to the gate electrode 1 9 in the VM IS form- 
40 ing region are formed on the first layer interlayer insu- 
lating film 90. 

[0126] In turn, after an interlayer insulating film 92 of 
a second layer is formed, overlying source/drain elec- 
trodes or wiring layers 91a and 91b, 91c and 91 d, 91 e 
45 and 91f, 91 g and 91 h, 20 which are connected to the 
underlying source/drain electrodes or wiring layers 91a 
and 91b, 91c and 91 d, 91 e and 91 f, 91 g and 91 h, 20 in 
respective MOS forming regions are formed on the sec- 
ond layer interlayer insulating film 92. 
50 [0127] In turn, after an interlayer insulating film 93 of 
a third layer is formed, a light shielding film 23 that has 
an opening portion (light receiving window) 24 in the 
photo diode 1 1 1 portion is formed on the interlayer insu- 
lating film 93. Then, a cover insulating film 94 to cover 
55 the overall surface of the device is formed, whereby the 
solid state imaging device can be completed. 
[01 28] As described above, according to the first em- 
bodiment of the present invention, since the unit pixel 
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101 consists of the photo diode 1 1 1 and the MOS tran- 
sistor 112, the pixel portion can be fabricated by using 
the CMOS technology. Therefore, all the above pixel 
portion and the peripheral circuits such as the drive 
scanning circuits 102 to 104, the constant current 
source 106, etc. are fabricated on the same semicon- 
ductor substrate. 

[0129] As a result, simplification of the manufacturing 
steps can be achieved and also size reduction of the 
solid state imaging device can be achieved by the inte- 
gration of the circuit parts. 

[01 30] With the above, although the present invention 
is explained in detail based on the first embodiment, the 
scope of the present invention is not limited to the ex- 
amples described particularly in the first embodiment. 
Thus, variation of the above first embodiment may be 
contained in the scope of the present invention without 
departing the gist of the present invention. 
[0131] For example, the first well region 15a and the 
second well region 1 5b are formed separately, but they 
may be formed integrally at a time. 
[0132] Also, the p-type epitaxial layer 31 is formed on 
the p-type substrate 11, but the n-type epitaxial layer 
may be formed on the p-type substrate 11 . In this case, 
it is similar to the above embodiment that the n-type lay- 
er (first semiconductor layer) under the first well region 
1 5a is formed thick but the n-type layer (third semicon- 
ductor layer) underthe second well region 15b is formed 
thin. 

[0133] In addition, although the p-type substrate 11 is 
used, the n-type substrate may be used. In this case, 
the light emitting carriers to be stored in the carrier pock- 
et 25 are the electrons among the light emitting holes 
and the electrons. Thus, in order to achieve the similar 
advantages of the above embodiment, the conductivity 
type of respective layers and respective regions ex- 
plained in the first embodiment should be inversed. 
[0134] Further, the impurity concentration and the 
thickness of the n-type buried layer (first buried layer) 
32 may be set to a concentration and a thickness such 
that the depletion layer can spreadfrom a boundary sur- 
face between the substrate 1 1 and the n-type buried lay- 
er 32 to the overall n-type buried layer 32 by the voltage 
applied between the impurity region 17 and the sub- 
strate 11 in the store period. 

[0135] Furthermore, the impurity concentration and 
the thickness of the p-type buried layer (second buried 
layer) 33 may be set to a concentration and a thickness 
such that, by the voltage applied between the gate elec- 
trode 1 9 and the substrate 1 1 in the carrier sweep peri- 
od, the depletion layer can spread mainly to the n-type 
well layer 12 from a boundary surface between the p- 
type buried layer 33 and the n-type well layer 12 but such 
depletion layer scarcely spreads to the p-type buried 
layer therefrom. 

[0136] The sequence of steps shown in the above em- 
bodiment of the solid state imaging device is merely a 
representative example. The sequence of steps shown 



in the above embodiment may be changed appropriate- 
ly if a device structure equivalent to the desired device 
structure obtained by the above manufacturing method 
can be derived. 
5 [0137] As described above, according to the present 
invention, the photo diode and the light signal detecting 
MOS transistor are formed adjacently, and the thickness 
of the first semiconductor layer underthe first well region 
(second semiconductor layer) of the photo diode portion 
is larger than that of the third semiconductor layer under 
the second well region (fourth semiconductor layer) of 
the light signal detecting MOS transistor portion. 
[0138] In the photo diode portion, since the first sem- 
iconductor layer under the first well region is increased 
in thickness, the light receiving region can be extended 
effectively with respectto the long wavelength light such 
as the red-color in the store period of the carriers. Ac- 
cordingly, the improvement of the red-color sensitivity 
can be achieved. 

[0139] In contrast, in the light signal detecting MOS 
transistor portion, since the third semiconductor layer 
underthesecond well region is reduced in thickness and 
the high concentration second buried layer is formed ad- 
jacent to the third semiconductor layer on the substrate 
side, the voltage supplied from the gate electrode is not 
so applied to the second semiconductor layer in the car- 
rier sweep period but applied mainly to the second well 
region. As a result, since the strong electric field is ap- 
plied to the second well region, the stored carriers can 
be swept effectively out from the high concentration bur- 
ied layer (carrier pocket) and the second well region by 
the low reset voltage, and thus the improvement of the 
reset efficiency can be the embodiment can be 
achieved. 

(Second Embodiment) 

[0140] Next, a planar layout and a sectional structure 
of a device in a unit pixel of a MOS image sensor ac- 
cording to a second embodiment of the present inven- 
tion. 

[0141] The planar layout of the device in the unit pixel 
is shown in FIG.11. In this case, features reside in an 
impurity region 117, drain regions 117a, 117b, and 
source regions 116a, 116b. However, since the planar 
arrangement is similarto FIG.1 in the first embodiment, 
its explanation will be omitted. 

[0142] Next, a device structure of the MOS image 
sensor according to the second embodiment of the 
present invention will be explained with reference to the 
sectional views of FIG. 12, FIG. 13, and FIG. 14 hereun- 
der. 

[0143] FIG. 12 is a sectional view showing the device 
structure of the MOS image sensor according to the sec- 
ond embodiment, taken along a VI-VI line in FIG.11. 
Since the potential behaviors along the surface of the 
semiconductor substrate are similarto those in FIG.2B, 
such potential behaviors will be referred to. 
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[0144] FIG. 13 is a sectional view taken along a VII- 
VII line in FIG. 11 . and FIG. 14 is a sectional view taken 
along a VIM-VIM line in FIG. 11. 

[0145] A difference from the first embodiment resides 
in that the light signal detecting MOS transistor 1 1 2 has 
a low concentration drain structure (LDD structure). 
[0146] Also, another difference resides in that the im- 
purity region 1 1 7 of the photo diode 111 that has the sub- 
stantially same impurity concentration as the low con- 
centration drain region 1 1 7a is formed by extending the 
low concentration drain region 117a of the light signal 
detecting MOS transistor 112. 

[0147] That is, the impurity region 117 and the low 
concentration drain region 117a are formed integrally 
with each other such that most of them can overlap with 
the surface layer of the first well region 15a and the sec- 
ond well region 15b that are connected mutually. 
[0148] Also, the high concentration drain region, i.e., 
the low resistance contact layer 117b is formed in outer 
peripheral portions of the impurity region 117 and the 
low concentration drain region 117a such that it can be 
connected to the low concentration drain region 117a 
while avoiding the light receiving portion. The impurity 
region 1 1 7 and the low concentration drain region 1 1 7a 
are formed shallower in depth than the contact layer 
117b. 

[0149] Also, an n-type low concentration source re- 
gion 116a in the peripheral portion and a high concen- 
tration source region 116b in the center portion as the 
contact layer connected to the source region 1 16a are 
formed to be surrounded by the ring-like gate electrode 
19. 

[0150] In other words, the surface layer of the second 
well region 15b under the gate electrode 19 acts as the 
channel region. Like the first embodiment, in order to 
keep the channel region at its inverted state or its de- 
pletion state in the normal operation voltage, the chan- 
nel doped layer 15c is formed by introducing the n-type 
impurity into the channel region at the appropriate con- 
centration. 

[0151] In FIGS. 11 to 14, elements indicated by the 
same reference as those in FIG.1, FIG.2A, FIG. 3 and 
FIG. 4 denote the same elements as those in FIG.1 , FIG. 
2A, FIG.3 and FIG.4. 

[0152] An impurity concentration distribution of the 
photo diode 111 portion is shown in FIG. 15. FIG. 15 is a 
graph showing an impurity concentration distribution 
and a potential distribution of a centerportion of the pho- 
to diode 111 in the depth direction along a IX-IX line in 
FIG. 12. An abscissa denotes the depth (|i m) from the 
surface of the semiconductor substrate in a linear scale, 
and an ordinate on the leftside denotes the impurity con- 
centration (cm 3 ) in a logarithmic scale and an ordinate 
on the right side denotes the potential (arbitrary unit) in 
a linear scale. 

[0153] As indicated by the impurity concentration dis- 
tribution of FIG.1 5, athickness of the impurity region 117 
is about 200 nm from the surface, a peak position of the 



impurity concentration of the impurity region 117 is at a 
depth of less than 50 nm, and the impurity concentration 
at the peak position is almost 3 x 10 18 cm -3 . 
[0154] A thickness of the n-type buried layer 32 is 
5 about 1 ujti and a thickness of the n-type layer 1 2 under 
the first well region 15a is about 0.5 jim. Thus, a total 
thickness over the n-type layers 12 and 32 under the 
first well region 15a of the photo diode 111 is about 

I . 5u.m. A peak position of the impurity concentration of 
10 the above impurity region 1 1 7 and an impurity concen- 
tration at the peak position may be changed appropri- 
ately. 

[0155] In the photo diode 111 having the above struc- 
ture, since the impurity region 117 is formed shallower 

15 in depth by setting the impurity concentration of the im- 
purity region 1 1 7 to the low concentration, even a blue- 
color light that has the short wavelength and attenuates 
abruptly in the neighborhood of the surface can be re- 
ceived at the sufficient intensity. 

20 [0156] Since the low concentration drain (LDD) struc- 
ture is employed as the structure of the light signal de- 
tecting MOS transistor 112, theshort channel of the light 
signal detecting MOS transistor 112 can be achieved 
and thus the higher integration degree of the solid state 

25 imaging device can be achieved. 

[0157] In FIG. 12, the impurity concentration distribu- 
tion along an X-X line passing through the carrier pocket 
25 of the light signal detecting MOS transistor 1 1 2 por- 
tion is substantially similar to FIG. 6, and its explanation 

30 will be omitted. 

[0158] In addition, since a solid state imaging system 
containing the above solid state imaging device has the 
structure similar to thefirst embodiment andean be driv- 
en similarly in the first embodiment, its explanation will 

35 be omitted. 

[0159] Next, a method of manufacturing the solid 
state imaging device having the above structure will be 
explained with reference to FIG.1 6A to FIG.1 6E here- 
under. 

40 [0160] FIG.1 6A is a sectional view showing a state 
that the gate electrode 1 9 is formed. In FIG.1 6A, a ref- 
erence 11 denotes the p-type silicon substrate with an 
impurity concentration of about 4 x 10 18 cm _ 3. An epi- 
taxial layer of about 3 |im thickness is formed by epitax- 

45 ial-growing p-type silicon with an impurity concentration 
of about 1 x 10 15 cm -3 on the p-type silicon substrate 

I I . The substrate 1 1 constitutes an entire part of the first 
base layer and a part of the second base layer, and the 
epitaxial layer 31 constitutes a part of the second base 

50 layer. The photo diode 1 1 1 is formed on the right side of 
the element forming region, and the light signal detect- 
ing MOS transistor 112 is formed on the left side in the 
neighborhood of the photo diode 111 . 
[0161] The n-type well layer (one conductivity type) 

55 12 with a peak position of about 0.55 u.m and a peak 
impurity concentration of about 3 x 1 0 16 cm -3 is formed 
on the surface layer of the epitaxial layer 31 . The n-type 
well layer 1 2 constitutes a part of the first semiconductor 
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layer and all the third semiconductor layer. 
[0162] The n-type buried layer (first buried layer) 32 
whose peak position is about 1 .5 jim and whose peak 
impurity concentration is about 1 x 1 0 17 cm -3 is formed 
in the photo diode 1 1 1 portion to come into contact with 
the substrate 11 and the n-type well layer 12. Thep-type 
first well layer (second semiconductor layer) 15a with a 
peak position of about 0.3 jim and a peak impurity con- 
centration of about 6 x 1 0 16 cnr 3 and with another peak 
position of about 0.55 jim and another peak impurity 
concentration of about 2 x 10 16 cm -3 is formed in the 
overlying n-type well layer 12 to have the substantially 
same width as the n-type buried layer 32. Both the n- 
type buried layer (first buried layer) 32 and the first well 
layer 1 5a are formed by the ion implantation via the first 
mask. I n this case, the n-type buried layer 32 constitutes 
a part of the first semiconductor layer. 
[0163] Also, as shown in FIG. 6, the p-type buried lay- 
er (second buried layer) 33 with a peak position of about 
1 .2 jim and a peak impurity concentration of about 5 x 
10 16 cm -3 is formed in the light signal detecting MOS 
transistor 112 portion to comes into contact with the n- 
type well layer 12. The second well region 15b with a 
peak position of about 0.1 jim and a peak impurity con- 
centration of about 1.2x1 0 17 cm -3 is formed in the over- 
lying n-type well layer 12. Both the p-type buried layer 
(second buried layer) 33 and the second well region 1 5b 
are formed by the ion implantation via the second mask. 
In this case, the p-type buried layer 33 constitutes a part 
of the second semiconductor layer. 
[0164] The n-type channel doped layer 1 5c with a sur- 
face concentration of about 2 x 1 0 17 cm -3 is formed on 
the surface layer of the second well region 1 5b to touch 
with the high concentration buried layer 25. 
[0165] Also, as shown in FIG. 6, the p+-type high con- 
centration buried layer 25 with a peak position of about 
0.2 |im and a peak impurity concentration of about 1 x 
10 17 cm" 3 is formed in the second well region 15b under 
the channel doped layer 15c. The high concentration 
buried layer 25 is formed by the ion implantation via the 
third mask. 

[0166] Underthis condition, as shown in FIG. 16B, first 
the n-type impurity is ion-implanted via the gate insulat- 
ing film 1 8 by using the gate electrode 1 9 as a mask in 
order to form the low concentration drain structure. 
Therefore, low concentration source/drain regions 116a 
and 1 1 7a are formed on both sides of the gate electrode 
19. 

[0167] Then, as shown in FIG.16C, the insulating film 
is formed by the CVD (Chemical Vapor Deposition) 
method, etc. Then, the sidewalls made of the insulating 
film are formed on side surfaces of the gate electrode 
19 by the anisotropic etching. 

[0168] Then, as shown in FIG.16D, the resist mask 
35 for covering the light receiving portion of the photo 
diode 1 1 1 is formed. After this, the n-type impurity is ion- 
implanted by using the gate electrode 19, the sidewalls 
34, and the resist mask 35 as a mask. Therefore, the 



high concentration source region 1 1 6b and the drain re- 
gion 1 1 7b as the contact layers are formed in the center 
portion of the source region 1 1 6a and the peripheral por- 
tion of the drain region 1 1 7a. At this time, the n-type high 
5 concentration source/drain regions are formed simulta- 
neously on both sides of the gate electrode of the n- 
CMOS in the peripheral circuit shown in FIG.16F and 
on the outside of the n-type low concentration source/ 
drain regions thereof. 
10 [0169] Then, as shown in FIG.16E, after the resist 
mask 35 is removed, an interlayer insulating film of a 
first layer (not shown) is formed. In turn, the underlying 
source/drain electrodes or wiring layers connected to 
the source/drain regions 11 6b and 117 in the MOS form- 
's ing region, andthe gate wiring Iayer21 connected to the 
gate electrode 1 9 are formed on the interlayer insulating 
film of the first layer. 

[0170] In turn, after an interlayer insulating film of a 
second layer (not shown) is formed, overlying source/ 

20 drain electrodes or wiring layers 20 connected to the un- 
derlying source/drain electrodes or the wiring layers 22 
in the MOS forming region are formed on the interlayer 
insulating film of the second layer. 
[0171] Then, after an interlayer insulating film of a 

25 third layer (not shown) is formed, the light shielding film 

23 that has the opening portion (light receiving window) 

24 in the photo diode 111 portion is formed on the inter- 
layer insulating film of the third layer. After this, the cover 
insulating film (not shown) is formed to cover the overall 

30 surface of the device, whereby the solid state imaging 
device is completed. 

[0172] As described above, according to the second 
embodiment of the present invention, since the unitpixel 
1 01 consists of the photo diode 1 1 1 and the MOS tran- 

35 sistor 112, the pixel portion can be fabricated by using 
the CMOS technology. Therefore, all the above pixel 
portion and the peripheral circuits such as the drive 
scanning circuits 102 to 104, the constant current 
source 106, etc. are fabricated on the same semicon- 

40 ductor substrate. 

[0173] As a result, simplification of the manufacturing 
steps can be achieved and also size reduction of the 
solid state imaging device can be achieved by the inte- 
gration of the circuit parts. The video camera, the digital 

45 still camera, the image input camera, the scanner, the 
facsimile, or the like may be listed. 
[0174] Next, another solid state imaging device ac- 
cording to the second embodiment of the present inven- 
tion will be explained hereunder. FIG. 17 is a sectional 

50 view showing another solid state imaging device ac- 
cording to the second embodiment of the present inven- 
tion. In FIG. 17, elements indicated by the same refer- 
ence symbols as those in FIG. 12 denote the same ele- 
ments as those in FIG. 12, and its explanation will be 

55 omitted. 

[0175] In the structure of another solid state imaging 
device according to the second embodiment, differenc- 
es from FIG. 12 are that, as shown in FIG. 17, the p-type 
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epitaxial layer 31 is not formed on the p-type substrate 
11 , but the n-type epitaxial layer 1 2 which is equivalent 
to one conductivity type region 12 in FIG. 12 is formed. 
In addition, the first well region 15a and the second well 
region 15b are formed in the n-type epitaxial layer 12. 
Further, in FIG. 1 7, the n-type buried layer 32 and the p- 
type buried layer 33, which are formed in the p-type epi- 
taxial layer 31 in FIG. 12. are not provided. 
[0176] In this solid state imaging device, the impurity 
region 1 1 7 of the photo diode 1 1 1 and the low concen- 
tration drain region 117a of the light signal detecting 
MOS transistor 112 are formed integrally, so that the im- 
purity region 117 has the impurity concentration sub- 
stantially identical to that of the low concentration drain 
region 117a. As a result, since the impurity region 117 
can be formed at the shallow position from the surface, 
the blue-color sensitivity can be improved, like the ad- 
vantages in the case in FIG. 1 2. 

[0177] As described above, the present invention is 
explained in detail with reference to the second embod- 
iment. However, the scope of the present invention is 
not limited to the examples that are described concretely 
in the above second embodiment, and thus modifica- 
tions of the above embodiments may be included in the 
scope of the present invention without departing the gist 
of the present invention. 

[0178] For example, as shown in FIG. 15 and FIG. 6, 
the thickness of the epitaxial layer 31 is set to about 3 
[i m in the above explanation, but such thickness is not 
limited to this and may be varied appropriately to get the 
necessary characteristics. 

[0179] Also, the peak position of the impurity concen- 
tration of the impurity regions 17, 117 and the impurity 
concentration at the peak position may also be varied 
appropriately to optimize the blue sensitivity according 
to the change in design of the thickness and the impurity 
concentration of the epitaxial layer 31 and the other re- 
gions and layers. 

[0180] In addition, the first well region 15a and the 
second well region 15b having a different depth are 
formed separately. But they may be formed together at 
once to have the same depth. 

[0181] Further, the p-type substrate 11 is employed, 
but the n-type substrate may be used in place of this. In 
this case, the carriers accumulated in the carrier pocket 
25 are electrons out of the electron and the hole. There- 
fore, in order to achieve the similar advantages to the 
above embodiments, all conductivities of respective lay- 
ers and respective regions explained in the above em- 
bodiments, etc. should be inverted. 
[0182] Moreover, the order of steps of the solid state 
imaging device manufacturing method described in the 
above embodiments is a mere representative example. 
The order of steps of the manufacturing method de- 
scribed in the above embodiments may also be varied 
appropriately within the range in which the device struc- 
ture equivalent to the desired device structure obtained 
by the above manufacturing method can be formed. 



[0183] As described above, according to the present 
invention, the insulated gate field effect transistor (MOS 
transistor) for light signal detection has the low concen- 
tration drain region, and such low concentration drain 

5 region is extended to form the impurity region of the light 
receiving diode portion. In other words, the impurity re- 
gion of the light receiving diode portion is formed inte- 
grally with the low concentration drain region, and thus 
the impurity concentration of the impurity region is re- 

10 duced. 

[0184] Therefore, since the depth of the impurity re- 
gion can be formed much more shallowly, even the blue 
light that has a short wavelength and is attenuated 
abruptly near the surface can be received at sufficient 
15 strength. 

[0185] In addition, since the light receiving diode 111 
has the buried structure for the light emitting charge, the 
noise and the darkcurrent generated by the charges ex- 
cept the light emitting charge can be maintained low. 
20 [0186] As a result, the improvement of the blue sen- 
sitivity can be achieved while keeping the noise and the 
dark current low. 

[0187] Furthermore, the CMOS circuit for driving the 
solid state imaging device is formed on the same sub- 
25 strate as the solid state imaging device, and the low con- 
centration impurity region 17, 117 is formed simultane- 
ously when the low concentration drain region of the 
MOS transistor that constitutes the CMOS circuit and 
has the LDD structure is formed, and also the high con- 
30 centration contact layer is formed simultaneously when 
the high concentration drain region of the same MOS 
transistor having the LDD structure is formed. Accord- 
ingly, improvement of the blue sensitivity can be attained 
while maintaining the noise and the dark current without 
35 newly increasing the manufacturing steps. 



Claims 



40 1 . A solid state imaging device comprising: 

a photo diode (111) formed in a second semi- 
conductor layer (15a) of opposite conductivity 
type in a first semiconductor layer (12,32) of 

45 one conductivity type; and 

a light signal detecting insulated gate field ef- 
fect transistor (112) formed in a fourth semicon- 
ductor layer (15b) of opposite conductivity type 
in a third semiconductor layer (12) of one con- 

50 ductivity type adjacently to the photo diode 

(111): 

wherein a portion of the photo diode (111) com- 
prises an impurity region (1 7) of one conductiv- 
ity type on a surface layer of the second semi- 
55 conductor layer (15a), and a portion of the in- 

sulated gate field effect transistor (112) com- 
prises a source region (1 6a) and a drain region 
(1 7a) of one conductivity type on a surface layer 
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of the fourth semiconductor layer (1 5b), a chan- 
nel region between the source region (1 6a) and 
the drain region (17a), a high concentration bur- 
ied layer (25) of opposite conductivity type in a 
neighborhood of the source region (1 6a) in the 
fourth semiconductor layer (15b) under the 
channel region, and a gate electrode (19) 
formed over the channel region via a gate insu- 
lating film (18), 

the impurity region (17) is connected to the 
drain region (1 7a), the first semiconductor layer 
(12,32) is connected to the third semiconductor 
layer (1 2), and the second semiconductor layer 
(1 5a) is connected to the fourth semiconductor 
layer (15b), and 

a portion of the first semiconductor layer 
(12,32) under the second semiconductor layer 
(1 5a) is thicker than a portion of the third sem- 
iconductor layer (12) under the fourth semicon- 
ductor layer (15b) in a depth direction. 

2. A solid state imaging device according to claim 1 , 
wherein the first semiconductor layer (12,32) is 
formed on a first base layer (11) of opposite con- 
ductivity type, and the third semiconductor layer 
(12) is formed on a second base layer (1 1 ,31 ,33) of 
opposite conductivity type connected to the first 
base layer (11). 

3. A solid state imaging device according to claim 2, 
wherein the first base layer (11) is formed of a sub- 
strate (11) made of a semiconductor of opposite 
conductivity type, and the first semiconductor layer 
(12,32) consists of a fifth semiconductor layer (32) 
containing a one conductivity type buried layer (32) 
and a one conductivity type well region (12) on the 
fifth semiconductor layer (32), and 

the second base layer (11 ,31 ,33) consists of 
a substrate (11) made of a semiconductor of oppo- 
site conductivity type and a sixth semiconductor lay- 
er (31 ,33) containing a one conductivity type buried 
layer (33) on the substrate (11), and the third sem- 
iconductor layer (12) is formed of the one conduc- 
tivity type well region (12). 

4. A solid state imaging device according to claim 1 , 
wherein the high concentration buried layer (25) is 
formed in a partial region on a source region side in 
a channel length direction extended from the drain 
region (1 7a) to the source region (1 6a). 

5. A solid state imaging device according to claim 1 , 
wherein the high concentration buried layer (25) is 
formed to extend over a channel width direction. 

6. A solid state imaging device according to claim 1 , 
wherein the gate electrode (19) of the insulated gate 
field effect transistor (1 1 2) has a ring-like shape, the 



source region (1 6a) is formed on a surface layer of 
the fourth semiconductor layer (15b) to be sur- 
rounded by the gate electrode (1 9), the drain region 
(17a) is formed on a surface layer of the fourth sem- 
5 iconductor layer (15b) to surround the gate elec- 
trode (19). 

7. A solid state imaging device according to claim 1 , 
wherein the gate electrode (19) and its peripheral 

10 region of the insulated gate field effect transistor 
(112) is light-shielded. 

8. A solid state imaging device according to claim 1 , 
wherein a load circuit (106) is connected to the 

15 source region of the insulated gate field effect tran- 
sistor (1 1 2) to form a source follower circuit. 

9. A solid state imaging device according to claim 8, 
wherein a source output of the source follower cir- 

20 cuit is connected to a video signal output terminal 
(107). 

10. Amethodof manufacturing a solid state imaging de- 
vice, comprising the steps of: 

25 

forming a first buried layer (32) of one conduc- 
tivity type in an interior of a seventh semicon- 
ductor layer (31) of opposite conductivity type 
by introducing one conductivity type impu rity in- 
30 to the seventh semiconductor layer (31 ) by us- 

ing a first mask; 

forming a first well region (1 5a) of opposite con- 
ductivity type on a surface layer of the seventh 
semiconductor layer (31) and over the first bur- 

35 ied layer (32) by introducing opposite conduc- 

tivity type impurity into the seventh semicon- 
ductor layer (31) by using the first mask; 
forming a one conductivity type region (12) to 
be connected to the first buried layer (32) and 

40 to contain thefirst well region (15a) by introduc- 

ing one conductivity type impurity into the sur- 
face layer of the seventh semiconductor layer 
(31); 

forming a second buried layer (33) of opposite 
45 conductivity type, that has higher impurity con- 

centration than the seventh semiconductor lay- 
er (31), under the one conductivity type region 
(12) by introducing opposite conductivity type 
impurity in an interior of the seventh semicon- 
50 ductor layer (31 ) by using a second mask; 

forming a second well region (15b) of opposite 
conductivity type, that is connected to the first 
well region (15a), by introducing opposite con- 
ductivity type impurity on a surface layer of the 
55 one conductivity type region (1 2) and over the 

second buried layer (33) by using the second 
mask; 

forming a channel doped layer (1 5c) of onecon- 
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ductivity type by introducing one conductivity 
type impurity on a surface layer of the second 
well region (15b) by using the second mask; 
forming a high concentration buried layer (25) 
of opposite conductivity type, that has higher 5 
impurity concentration than the second well re- 
gion (15b), in an interior of the second well re- 
gion (1 5b) underthe channel doped layer (1 5c) 
by introducing opposite conductivity type impu- 
rity in an interior of the second well region (1 5b) 10 
by using a third mask; 

forming a gate insulating film (18) on the sev- 
enth semiconductor layer (31 ) by a thermal ox- 
idation; 

forming a gate electrode (1 9) on the gate insu- 15 
lating film (18) to cover the high concentration 
buried layer (25) and to bring the high concen- 
tration buried layer (25) close to a source region 
side; and 

forming a source region (16a) and a drain re- 20 
gion (1 7a) of one conductivity type on a surface 
layer of the second well region (15b) on both 
sides of the gate electrode (1 9) and forming an 
impurity region (17) on a surface layer of the 
first well region (15a). 25 



1 1 . A method of manufacturing a solid state imaging de- 
vice, according to claim 1 , wherein the gate elec- 
trode (19) has a ring-like shape, the source region 

(1 6a) is formed on a surface layer of the second well 30 
region (1 5b) to be surrounded by the gate electrode 
(19), the drain region (17a) is formed on a surface 
layer of the second well region (15b) to surround 
the gate electrode (19). 

35 

12. A solid state imaging device comprising: 



insulating film (18), and a high concentration 
buried layer (25) of opposite conductivity type 
in the fourth semiconductor layer (15b) in a 
neighborhood of the source region (116a) un- 
der the channel region, 

thefirst semiconductor layer (1 2,32) is connect- 
ed to the third semiconductor layer (12), and 
the second semiconductor layer (15a) is con- 
nected to the fourth semiconductor layer (15b), 
a portion of the insulated gate field effect tran- 
sistor (11 2) has a low concentration drain (LDD) 
structure, and the low concentration drain re- 
gion (11 7a) is extended to form the impurity re- 
gion (117) that has impurity concentration sub- 
stantially identical to the low concentration 
drain region (11 7a). 

13. A solid state imaging device according to claim 1 2 , 
wherein the first semiconductor layer (12,32) is 
formed on a first base layer (11) of opposite con- 
ductivity type, and the third semiconductor layer 
(12) is formed on a second base layer (11 .31 ,33) of 
opposite conductivity type that is connected to the 
first base layer (11). 

14. A solid state imaging device according to claim 1 3 , 
wherein the first base layer (11) is formed of a sub- 
strate (11) made of a semiconductor of opposite 
conductivity type, and the first semiconductor layer 
(12,32) consists of a fifth semiconductor layer (32) 
containing a one conductivity type buried layer (32) 
and a one conductivity type well region (1 2) on the 
fifth semiconductor layer (32), and 

the second base layer (11 ,31 ,33) consists of 
a substrate (11) made of a semiconductor of oppo- 
site conductivity type and a sixth semiconductor lay- 
er (31 ,33) containing an opposite conductivity type 
buried layer (33) on the substrate (11), and the third 
semiconductor layer (12) is formed of the one con- 
ductivity type well region (12). 

15. A solid state imaging device according to claim 1 2 , 
wherein the high concentration buried layer (25) is 
formed a partial region on a source region side in a 
channel length direction extended from the drain re- 
gion (117a) to the source region (11 6a). 

1 6. A solid state imaging device according to claim 1 2 , 
wherein the high concentration buried layer (25) is 
formed to extend over a channel width direction. 

1 7. A solid state imaging device according to claim 1 2 , 
wherein the gate electrode (1 9) of the insulated gate 
field effect transistor (11 2) has a ring-like shape, the 
source region (116a) is formed on a surface layer 
of the fourth semiconductor layer (15b) to be sur- 
rounded by the gate electrode (19), the drain region 
(117a) is formed on a surface layer of the fourth 



a photo diode (111) formed in a second semi- 
conductor layer (15a) of opposite conductivity 
type in a first semiconductor layer (12,32) of 40 
one conductivity type; and 
a light signal detecting insulated gate field ef- 
fect transistor (112) formed in a fourth semicon- 
ductor layer (1 5b) of opposite conductivity type 
in a third semiconductor layer (1 2) of one con- 45 
ductivity type adjacently to the photo diode 

(111); 

wherein a portion of the photo diode (111) com- 
prises an impurity region (117) of one conduc- 
tivity type on a surface layer of the second sem- 50 
iconductor layer (15a), and a portion of the in- 
sulated gate field effect transistor (112) com- 
prises asource region (116a) and a drain region 
(11 7a) of one conductivity type on a surface lay- 
er of the fourth semiconductor layer (15b), a 55 
channel region between the source region 
(11 6a) and the drain region (117a), a gate elec- 
trode (19) over the channel region via a gate 
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semiconductor layer (15b) to surround the gate 
electrode (19). 

1 8. A solid state imaging device according to claim 12, 
wherein the gate electrode (19) and its peripheral 
region of the insulated gate field effect transistor 
(112) is light-shielded. 

19. A solid state imaging device according to claim 12, 
wherein a load circuit (106) is connected to the 
source region of the insulated gate field effect tran- 
sistor (112) to form a source follower circuit. 

20. A solid state imaging device according to claim 19, 
wherein a source output of the source follower cir- 
cuit is connected to a video signal output terminal 
(107). 

21 . A method of manufacturing a solid state imaging de- 
vice, comprising the steps of: 

forming a first buried layer (32) of one conduc- 
tivity type in an interior of a seventh semicon- 
ductor layer (11,31) of opposite conductivity 
type by introducing one conductivity type impu- 
rity into the seventh semiconductor layer by us- 
ing a first mask; 

forming a first well region (15a) of opposite con- 
ductivity type on a surface layer of the seventh 
semiconductor layer (11 .31) and over the first 
buried layer (32) by introducing opposite con- 
ductivity type impurity into the seventh semi- 
conductor layer (11 ,31) by using the first mask; 
forming a one conductivity type region (12) to 
be connected to the first buried layer (32) and 
to contain the first well region (15a) by introduc- 
ing one conductivity type impurity into the sur- 
face layer of the seventh semiconductor layer 
(11,31); 

forming a second buried layer (33) of opposite 
conductivity type, that has higher impurity con- 
centration than the seventh semiconductor lay- 
er (1 1 ,31 ), under the one conductivity type re- 
gion (12) by introducing opposite conductivity 
type impurity in an interior of the seventh sem- 
iconductor layer (11,31) by using a second 
mask; 

forming a second well region (15b) of opposite 
conductivity type, that is connected to the first 
well region (15a), by introducing opposite con- 
ductivity type impurity on a surface layer of the 
one conductivity type region (12) and over the 
second buried layer (33) by using the second 
mask; 

forming achannel doped layer (15c) of onecon- 
ductivity type by introducing one conductivity 
type impurity on a surface layer of the second 
well region (15b) by using the second mask; 



forming a high concentration buried layer (25) 
of opposite conductivity type, that has higher 
impurity concentration than the second well re- 
gion (15b), in an interior of the second well re- 
5 gion (1 5b) underthe channel doped layer (1 5c) 

by introducing opposite conductivity type impu- 
rity in an interior of the second well region (15b) 
by using a third mask; 

forming a gate insulating film (18) on the sev- 
10 enth semiconductor layer (1 1 ,31 ) by a thermal 

oxidation; 

forming a gate electrode (1 9) on the gate insu- 
lating film (18) to cover the high concentration 
buried layer (25) and to bring the high concen- 
ts tration buried layer (25) close to a source region 
side; 

forming an impurity region (1 1 7) of one conduc- 
tivity type on a surface layer of the first well re- 
gion (1 5a) at a same time of forming a source 
20 region (1 1 6a) and a drain region (1 1 7a) of one 

conductivity type on a surface layer of the sec- 
ond well region (15b) on both sides of the gate 
electrode (19) by introducing one conductivity 
type impurity on a surface layer of the seventh 
25 semiconductor layer (11 ,31); 

forming sidewalls (34) on side surfaces of the 
gate electrode (19); and 
forming a resist film (35) to cover a part of the 
impurity region (117) acting as a light receiving 
30 portion, and then forming a contact layer (11 7b) 

that comes into contact with the drain region 
(117a) and has higher concentration than the 
drain region (1 1 7a) by introducing one conduc- 
tivity impurity by using the gate electrode (19), 
35 the sidewalls (34), and the resist film (35) as a 

mask. 

22. A solid state imaging device manufacturing method 
according to claim 21 , wherein the first buried layer 

40 (32) and the first well region (15a) are formed by 
using a first mask in a same planar position and a 
different depth respectively, and the second buried 
layer (33), the second well region (15b), and the 
channel doped layer (15c) are formed by using a 
45 second mask in a same planar position and a dif- 
ferent depth respectively. 

23. A solid state imaging device manufacturing method 
according to claim 21, wherein a MOS transistor 

50 that constitutes a CMOS circuit for driving the solid 
state imaging device and has a low concentration 
drain (LDD) structure is formed on a same substrate 
as the solid state imaging device, and the drain re- 
gion (117a) is formed at a same time when a low 

55 concentration drain region of the MOS transistor in 
the CMOS circuit is formed. 

24. A solid state imaging device manufacturing method 
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according to claim 21 , wherein a MOS transistor 
that constitutes a CMOS circuit for driving the solid 
state imaging device and has a low concentration 
drain (LDD) structure is formed on a same substrate 
as the solid state imaging device, and the contact 
layer (11 7b) is formed at a same time when a high 
concentration drain region of the MOS transistor in 
the CMOS circuit is formed. 

25. A solid state imaging device manufacturing method 
according to claim 21 , wherein the gate electrode 
(19) has a ring-like shape, the source region (116a) 
is formed on a surface layer of the second well re- 
gion (15b) surrounded by the gate electrode (19), 
and the drain region (117a) is formed on a surface 
layer of the second well region (15b) to surround 
the gate electrode (19). 

26. A solid state imaging device manufacturing method 
comprising the steps of: 

forming a first well region (15a) of opposite con- 
ductivity type on a surface layer of one conduc- 
tivity type region (12) by introducing an oppo- 
site conductivity type impurity into the one con- 
ductivity type region (1 2) of a surface layer of a 
semiconductor substrate; 
forming a second well region (15b) of opposite 
conductivity type connected to the first well re- 
gion (15a) by introducing the opposite conduc- 
tivity type impurity into a surface layer of the 
one conductivity type region (12); 
forming a channel doped layer (15c) of onecon- 
ductivity type by introducing a one conductivity 
type impurity into a surface layer of the second 
well region (15b); 

forming a high concentration buried layer (25) 
of opposite conductivity type, that has an impu- 
rity concentration higher than the second well 
region (15b), in an inside of the second well re- 
gion (1 5b) underthe channel doped layer (1 5c) 
by introducing the opposite conductivity type 
impurity into an inside of the second well region 
(15b); 

forming a gate insulating film (1 8) by thermally 
oxidizing a surface of the semiconductor sub- 
strate; 

forming a gate electrode (19) on the gate insu- 
lating film (18) to cover the high concentration 
buried layer (25) and to bring the high concen- 
tration buried layer (25) close to a source region 
side; 

forming one conductivity type source/drain re- 
gions (1 1 6a, 1 1 7a) on a surface layer of the sec- 
ond well region (1 5b) on both sides of the gate 
electrode (19) and simultaneously forming a 
one conductivity type impurity region (117) on 
a surface layer of the first well region (15a), by 



introducing the one conductivity type impurity 
into a surface of the semiconductor substrate; 
and 

forming a resist film (35) to cover a part of the 
5 impurity region (117) acting as a light receiving 

portion, and then forming a high concentration 
contact layer (1 1 7b), that comes in contact with 
the drain region and has a concentration higher 
than the drain region (11 7a), by introducing the 
10 one conductivity type impurity while using the 

gate electrode (19) and the resist film (35) as a 
mask. 

27. A solid state imaging device manufacturing method 
15 according to claim 26, wherein the second well re- 
gion (15b) and the channel doped layer (15c) are 
formed by using a same mask in a same planar po- 
sition and a different depth respectively. 

20 28. A solid state imaging device manufacturing method 
according to claim 26, wherein the gate electrode 
(19) has a ring-like shape, the source region (11 6a) 
is formed on a surface layer of the second well re- 
gion (15b) surrounded by the gate electrode (19), 
25 and the drain region (117a) is formed on a surface 
layer of the second well region (15b) to surround 
the gate electrode (19). 

29. A solid state imaging system having a solid state 
30 imaging device set forth in any one of claims 12 to 
20. 
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FIG. 3 
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